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Abstract
BACKGROUND: Biphasic treatment of pilon fractures has been accepted as standard modality of care.
AIM: The aim of the present study was to evaluate the effect of timing of definitive surgery for closed pilon fractures 
on the short-term functional outcome.
MATERIALS AND METHODS: Prospective study focused the patients suffering pilon fracture that has undergone 
treatment in a biphasic manner. Initially, spanning external fixator was applied, while the definitive osteosynthesis 
was performed within the next several days, in accordance with surgeon’s knowledge. The final functional outcome 
was evaluated using the American Orthopedic Foot and Ankle Society Ankle-Hindfoot Score.
RESULTS: Forty-two patients were included in the study. Mean time passed from injury to definitive surgery was 11.0 
± 3.4 days. Mean value of the functional score was 86.54 ± 13.2 points, with no significant differences with regard to 
the demographics and injury features. Pearson correlation coefficient demonstrated negative significant correlation 
between timing of definitive surgery and functional outcome (r = −0.428, p = 0.033). Complications were noted in 
16% of the patients.
CONCLUSION: Definitive surgery should be planned as soon as possible, once the surgeon considers the soft-tissue 
status acceptable for surgery. Injudicious postponing has a negative effect on the short-term functional outcome.
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Introduction
Since first description of the operative treatment 
of pilon fractures by Lambotte, these fractures have 
gained the reputation of notoriously difficult injuries, 
for both the surgeon and the injured [1]. So far, great 
scientific volume focused on the fractures of the tibial 
pilon has been published, and it seems that the interest 
is still growing. Representing only 1% of all fractures, 
they affect individuals of all age groups; in the younger, 
they are most commonly caused by high-energy transfer, 
while in the elderly, as a low-energy mechanism [2]. 
Following this injury, high percentage of complications 
has been consistently reported, including nonunion and 
malunion, as well as infection, soft-tissue necrosis, and 
post-traumatic arthritis [3], [4], [5].
Initial disappointment of both operative and 
non-operative treatment of pilon fractures in the mid-20th 
century was followed by the establishment of AO 
principles that had traced the way of the modern treatment 
of pilon fractures [6], [7], [8], [9], [10], [11]. Namely, 
the AO principles were focused on open reduction 
and anatomical fixation with absolute stability of the 
articular fractures. While these principles revolutionized 
the treatment of articular skeletal injuries in general, 
the result of the treatment of pilon fractures remained 
less satisfactory, primarily due to the complications 
originating from the soft tissues. The care of the soft-
tissue coverage which had been demonstrated to be 
a crucial component of the pilon injuries, had changed 
the way of thinking of the skeletal surgeons and led to 
the development of limited approaches, including hybrid 
external fixation, and use of external fixation method, 
as described by Ilizarov, and percutaneous screw 
fixation [12], [13], [14], [15], [16], [17]. While preserving 
the soft tissues, these techniques could not achieve 
anatomical reduction and absolute stability of the 
articular surface, which had been shown to be not only 
beneficial but also more of the necessity for articular 
fractures. For these reasons, further development 
of the treatment modalities encompassed the use 
of the biphasic timing of surgery, minimally invasive 
approaches and use of modern locking implants.
In a search for the best possible solution for 
those suffering these challenging-to-treat injuries, we 
were motivated to design and conduct a single-center 
prospective study. The aim of the present study was 
to evaluate the effect of timing of definitive surgery 
for closed pilon fractures on the short-term functional 
outcome in those suffering these notoriously serious 
injuries.
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Materials and Methods
A prospective nonrandomized study was 
conducted at the University clinic of Trauma in Skopje 
in a period of 2 years (January 2015–December 2017), 
on consecutive patients with pilon fractures operatively 
treated at the Institution. Inclusion was focused on the 
patients older than 16 years of age, closed fractures 
type I or II according to the classification system of 
Tscherne and Oestern, and subtypes 1 or 2 of AO/
ASIF B or C types that have undergone minimally 
invasive percutaneous treatment with a locking plate 
in a biphasic manner. According to the Tscherne and 
Oestern classification system of soft-tissue injury in 
closed fractures, type C0 refers to the fractures with 
minimal or no soft-tissue injury, type C1 refers to the 
superficial abrasions and contusions, type C2 denotes 
deep abrasions or impending compartment syndrome, 
while type C3 denotes extensive skin contusion, 
myonecrosis, degloving, vascular injury, or compartment 
syndrome [18]. According to AO classification system, 
type B denotes partial articular fracture and type C – 
complete articular fracture; subtype 1 refers to the 
absence of impaction and comminution, and subtype 2 
denotes impaction and comminution present. Exclusion 
criteria included American Society of Anesthesiology 
Score of 5, presence of concomitant skeletal or visceral 
injury requiring surgical treatment and poor and very 
poor reduction as evaluated by Teeny and Wiss score 
on the X-rays taken post definitive surgery [19].
Diagnostic and treatment protocol
Following the presentation at the emergency 
department, in those with a suspected fracture, splint 
was applied and plain X-rays were undertaken. In 
those in whom pilon fracture was present, the biphasic 
treatment was initiated. Initial component of the 
treatment referred to the application of the spanning 
external fixator within 1st several hours following the 
injury. The spanning external fixator was applied in 
accordance with the well-established AO principles 
and fibular fracture was reduced and fixed with either 
tubular plate or intramedullary rod [20]. The procedure 
is undertaken under spinal anesthesia and with single 
dose antibiotic prophylaxis. For the next several days, 
the patients remained in the hospital for close checkups 
of the extremity, thromboprophylaxis, and early 
mobilization. In this phase, high-quality multiplanar 
computed tomography (CT) scans of the pilon were 
undertaken. Based on the CT scans, we defined 
the fracture classification, degree of comminution, 
impaction, and intra-articular involvement. We planned 
definitive surgery closely keeping in mind all these 
components. The definitive surgery was performed once 
the condition of the skin and underlying soft-tissues has 
recovered and the edema has subsided; all the patients 
were checked for the “wrinkle sign” as a reliable 
clinical indicator for the condition of the soft-tissue 
coverage [21].
Definitive surgery was undertaken under 
spinal anesthesia using the technique of minimally 
invasive percutaneous plate osteosynthesis. The 
surgical procedure starts with the removal of the 
external fixator. Distal incision on the medial or lateral 
side of the leg is performed, depending on the site 
of more pronounced comminution, which allows for 
direct visualization and reduction of the intra-articular 
component of the fracture. Once distal incision has 
been made, wide raspatory is advanced proximally in 
a submuscular plane, thus creating a tunnel in which 
the plate will be positioned. In certain cases, the plate 
itself can be used as an raspatory. The placement of the 
upper incision is planned with plate as a template. The 
plate is compressed on the skin for several seconds, 
following which the margins of the plate are temporarily 
delineated onto the skin. In that way, the upper incision 
is planned; sometimes, separate stab incisions are 
necessary to position the locking screws in a proper 
manner.
Fixation of the distal tibia is performed with 
anatomical plates in which distal screws are placed in 
a locking manner, while for proximal fixation; the holes 
are combined, for locking, and cortical screws. The 
fracture of the fibula can be addressed during the initial 
phase, or in the definitive phase, and it can be fixed with 
a conventional plate, locking plate, intramedullary nail, 
or it can be left unfixed, depending on the level and type 
of the fracture.
Post-operative protocol
Early rehabilitation starts on the 1st or 2nd 
post-operative day, once surgical drains have been 
removed, if present. Verticalization is aided by crutches 
or walker depending on the general condition of the 
patient. Once the patient has been verticalized and the 
wound has been checked for the signs of early post-
operative complications, the patient is dismissed from 
the hospital and advised to continue the rehabilitation 
protocol. The stitches are removed 14 days following 
the surgery and outpatient checkups are performed 
in a period of 1 month, 3 months, 6 months, and a 
year post-injury. Thromboprophylaxis is continued for 
4 weeks. The patients are encouraged to start partial 
weight-bearing 6–8 weeks post-surgery and gradually 
convert to full weight bearing in a period of 2–3 months 
post-surgery.
Study protocol and enrollment of the 
patients
Initially, the study was approved by the ethical 
board of the hospital. The patients that were admitted 
to the hospital for the treatment of pilon fracture were 
examined by the first author, and those who met 
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the inclusion and exclusion criteria and were willing 
to take part in the study were included just before 
hospital discharge. Namely, they were approached 
by the author, who explained them the nature and the 
purpose of the study and gave them the opportunity to 
ask questions. Once the patient signed the informed 
consent, all the necessary data were collected in a 
case report form that was stored in an Excel file. These 
data included demographics, mechanism, and type of 
injury type of fracture and degree of soft-tissue injury as 
graded by AO classification and Tscherne and Oestern 
classification, respectively, timing and duration of initial 
and definitive surgery, technical details of the treatment 
including type of osteosynthesis and early post-
operative complications. In all the patients, previously 
described post-operative protocol was followed. At 
the final follow-up which was a year post-surgery, 
the functional outcome was recorded, as evaluated 
by American Orthopedic Foot and Ankle Society 
Ankle-Hindfoot Scale (AOFAS). It is a clinician-based 
questionnaire which consists of three groups of 
questions: Pain (maximum of 40 points), function 
(maximum of 50 points), and alignment (maximum of 
10 points). The maximum possible score counts 100; 
the questions related to pain and function are answered 
by the patients, while the alignment is evaluated by 
the examiner. In this study, the questionnaire was 
completed by the surgeon that was not involved in the 
treatment.
Statistical analysis
Once the study was completed, all data that 
were initially collected and stored in an Excel file 
were transferred to the software for statistical analysis 
(SPSS, version 23.0). Categorical data were analyzed 
and presented as absolute and relative numbers, while 
for the quantitative data; descriptive parameters were 
used (mean ± SD, median, minimum, and maximum). 
The correlation between the time of the definitive 
surgery and the functional score was analyzed by the 
Pearson correlation coefficient. Values of p < 0.05 were 
considered as statistically significant.
Results
General characteristics, demographics, 
and mechanism of injury
In a period of 2 years, total of 51 patients met 
the inclusion and exclusion criteria and were enrolled in 
the study. During the follow-up period, one patient died 
from the injuries of another accident, two were excluded 
because of the implant failure before bone healing, two 
were uncompliant, and four were unavailable at the final 
outpatient follow-up. Of those 42 (82%) who finished 
the study, there was male predominance (28 patients, 
66.6%). Mean age of the whole study group was 48 
± 15.3 years, with a range of 24–76 years and almost 
equal mean values in males and females. With regard 
to the mechanism of injury, in 31 patients (74%), the 
pilon fracture was consequence of high-energy trauma 
(motor-vehicle accident in all of them); in the remaining 
11 patients (26%), it was low-energy trauma that 
resulted in pilon fracture. In seven patients (16.6%) 
concomitant injuries were noted, none of them requiring 
surgical treatment. No bilateral injuries were noted.
Characteristics of the injury
All the fractures were classified according to the 
AO classification system. In 19 patients, type B fracture 
was present (B1 in 10 and B2 in 9 patients), while in the 
remaining 23 patients (54.7% of the study group) type C 
fractures were diagnosed (14 patients with type C1 and 
9 patients with type C2). The degree of soft-tissue injury 
was measured by the classification system of Tscherne 
and Oestern, and we found type I injury in 24 patients 
(57%) and type II injury in 18 patients.
Final follow-up, AOFAS score, timing of 
definitive surgery, and complications
At the final follow-up, a year post-injury, 
functional outcome was evaluated by the AOFAS score. 
Mean value of the score for the whole study group was 
86.54 ± 13.2 points. We found no statistically significant 
differences when mean scores were compared by 
groups formed with regard to the mechanism of injury, 
fracture type, and the degree of soft tissue injury. 
We recorded the time passed from injury – initial 
surgery to definitive surgery, and the results showed 
mean time of 11.0 ± 3.4 days. To correlate between 
the timing of definitive surgery (time between injury 
and definitive surgery, expressed in days) and final 
functional outcome, Pearson correlation coefficient 
was analyzed. The Pearson correlation coefficient 
(Figure 1) demonstrated negative significant correlation 
Figure 1: Pearson correlation coefficient – horizontal axis  refers  to 
the  time  passed  from  initial  surgery  to  definitive  surgery,  while  on 
the  vertical  axis,  American  Orthopedic  Foot  and  Ankle  Society  
Ankle-Hindfoot Scale values are presented
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between the variables analyzed (r = −0.428, p = 0.033). 
Complications were noted in 16% of the study group 
(seven patients), including superficial surgical site 
infection in three patients, Südeck dystrophy in two 
patients, pseudarthrosis in one patient, and malunion 
in one patient.
Discussion
Our results demonstrated very good short-term 
functional outcome following operative treatment in a 
biphasic manner of B1 and B2, as well as C1 and C2 pilon 
fractures. In the seminal work of Rüedi and Allgöwer, 
the authors reflected on a long history of the treatment 
of intra-articular fractures of tibial pilon, concluded that 
for many years, these injuries were considered as not 
amenable to surgery, while poor outcome was, simply, 
a matter of bad luck [7]. Following this statement as 
an introduction, they described a study of 75 patients 
with pilon fractures in a mean follow-up of 6 years. They 
reported on superior results in those treated with open 
reduction and internal fixation, compared to those treated 
by non-operative means. In addition, they summarized 
that these injuries are “an interesting challenge.” Since 
then, increasing number of practicing surgeons started 
to operate on pilon fractures respecting the principles 
established by Rüedi and Allgöwer [7]. The study of 
Dillin et al. reported on a group of only 11 patients 
with high-energy pilon fractures, and concluded that 
degree of comminution and the severity of soft-tissue 
injury should be taken into consideration when deciding 
on operative treatment [22]. Similarly, yet another 
study reported on high post-operative complications 
originating from the soft-tissue envelope and concluded 
that external fixation gives satisfactory results and fewer 
complications when compared to internal fixation [23]. 
Quite a number of studies reported on similar results, 
leading to conclusion that high-energy injuries resulting 
in severe soft-tissue damage were joined with a high 
rate of complications (mainly infection) related to the 
soft tissues injury [6], [19].
In 1999, the results of the 21 retrospectively 
collected patients with pilon C3 type fracture treated with 
a staged protocol were published [24]. Initially, spanning 
external fixator had been applied, after which, external 
fixator was removed and formal open reduction and 
internal fixation of the pilon fracture was performed. The 
time passed between two surgeries was an average of 24 
days. The authors concluded that two-staged approach 
offers acceptable results for severe pilon fractures and 
reported no complications originating from the soft 
tissues or infection. Concurrently but independently, 
Sirkin and his associates also published the results of 48 
patients with type C pilon fractures treated with a staged 
protocol [25]. Interestingly, their results demonstrated 
only one case of infection out of 29 patients with a closed 
fracture. Following these preliminary results of the 
staged protocols, several authors reported encouraging 
results, which led to its wide acceptance by the practicing 
surgeons [26], [27], [28].
In the present study, we focused on the 
time passed between the initial fracture stabilization 
and definitive surgery. The so-called “wrinkle sign” is 
widely accepted clinical indicator for the condition of 
the soft tissues [29]. Namely, most of the surgeons 
use this clinical sign to determine the term of the 
definitive surgery. However, its real importance has 
not been scientifically studied. For that reasons, we 
were motivated to examine the time expressed in 
days between the two surgeries. Interestingly but not 
surprisingly, the results demonstrated that postponing 
the surgery lead to unfavorable functional outcome. 
From the practical point of view, the definitive surgery 
should not be postponed indefinitely; in should be 
performed once swelling has subsided and soft-tissue 
condition allows for surgery. Unreasonable postponing 
leads to worse outcome, increased health-care costs 
and prolonged hospital stay.
Our study has a number of limitations. It 
includes a small number of patients driven from a single 
institution. Furthermore, follow-up period is quite short, 
and we lack a control group. However, the prospective 
nature of the study, quite strict inclusion and exclusion 
criteria and high attendance rate were the positive 
sides.
Conclusion
Postponing the definitive surgery in pilon 
fractures following initial spanning is clearly beneficial. 
However, the timing of definitive surgery should be 
planned in accordance with the conditions of the soft-
tissue coverage. Definitive surgery should be planned 
as soon as possible, once the surgeon considers the 
soft-tissue status acceptable for surgery. Injudicious 
postponing has a negative effect on the short-term 
functional outcome.
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